It is unclear whether lower urinary tract symptoms (LUTS) cause erectile dysfunction (ED) independently or through common underlying pathophysiology and shared risk factors. The aim of this study was to investigate the effect of ED on the incidence of frequency and bother of LUTS. Target population consisted of men aged 50, 60 or 70 years residing in the study area in Finland in 1994. Questionnaires were mailed to 3143 men in 1994 and to 2837 of them 5 years later. The follow-up sample comprised 1683 men who responded to both baseline and follow-up surveys. ED was assessed by two questions on subject's ability to achieve or maintain an erection sufficient for intercourse and LUTS by the Danish Prostatic Symptom Score questionnaire. A dose-response relation was found between the severity of ED at baseline and the incidence of LUTS or bother during follow-up. After adjustment for the confounders, the incidence rate ratio (RR) of LUTS was higher in men with moderate (RR 1.5, 95% confidence interval (CI) 1.0-2.3) or severe ED (RR 2.3, 95% CI 1.4-3.8) than in those free of ED at entry. Compared with men free of ED at baseline, the RRs of urinary bother were 1.6 (95% CI 1.1-2.4), 1.9 (95% CI 1.1-3.2) and 2.2 (95% CI 1.1-4.3) for minimal, moderate or severe ED, respectively. In summary, ED is associated with an increased incidence of LUTS and bother. ED and LUTS may have a common underlying pathophysiology or shared risk factors.
Introduction
Lower urinary tract symptoms (LUTS) and erectile dysfunction (ED) are common problems in middleaged and elderly men and they may have strong adverse impact on the quality of life. [1] [2] [3] [4] Several crosssectional studies have shown an association between LUTS and ED. [1] [2] [3] [4] [5] The association is controlled for most important confounding factors and is supported by a dose-response relation. The risk of ED increases with increasing the severity of LUTS or bother.
Longitudinal studies on the association between LUTS and ED are scarce. 6 Earlier, we found a higher incidence of ED in men with LUTS compared with those free of LUTS. 6 The risk of ED was strongly associated with both the severity of symptoms and their bothersomeness. An increased incidence of ED was also reported in men with self-reported benign prostatic hyperplasia relative to those free of the disorder. 7 It is, however, unclear whether LUTS cause ED independently or through common underlying pathophysiology and shared risk factors. 8, 9 Clarifying the effect of ED on the development of LUTS can help to understand the causal pathway between them. A bi-directional relation between LUTS and ED suggests a common underlying pathology or etiology. Understanding the mechanism may provide new insights for the prevention and treatment of these conditions.
We investigated the effect of ED at baseline on the incidence of LUTS and bother during follow-up in a population-based longitudinal study among Finnish men aged 50-70 years at baseline.
Materials and methods
Details of the Tampere Aging Male Urological Study (TAMUS) have been described elsewhere. 6 TAMUS Overall, 1683 men (59% of those alive and eligible) responded to baseline and follow-up inquiries. Of them, 234 were excluded owing to missing data on erectile function or LUTS, and 1449 were included in the study.
ED was assessed by two questions on subject erectile capacity: 'Have you had problems getting an erection before intercourse begins?' and 'Have you had problems maintaining an erection once intercourse has begun?' For both questions, four response options were as follows: never, sometimes, quite often and intercourse does not succeed. 6 The severity of ED was classified as no, minimal, moderate or complete dysfunction.
LUTS were assessed by the Danish Prostatic Symptom Score questionnaire. 10 The frequency or severity of each symptom was multiplied by its bother to form total score for each urinary symptom. Total LUTS score was calculated by summing up total score for each participant and were classified into two groups: 0-7 and 8 or more points. Moreover, symptom and bother scores were also analyzed separately and categorized into two groups of 1-3 and 4 or more points. Men with total score 0-7 and those with symptom or bother score 0-3 at baseline were included in this study.
The incidence of LUTS based on the total score, symptom or bother was calculated in those free of that characteristic at entry by dividing the number of new cases of LUTS (total score 8 or more), symptom (score 4 or more) or bother (score 4 or more) occurring between baseline and follow-up surveys by the number of person-years of follow-up. Personyears were estimated by multiplying the number of men who did not develop the outcome of interest by 5 years and the number of those who developed the outcome of interest by 2.5 years.
Poisson regression models were used in the multivariable analyses. The multivariable models included as covariates age, education, body mass index, smoking, arthritis, diabetes, hypertension, heart disease, cerebrovascular disease, depressive symptoms and ED at baseline.
Results
The incidence of LUTS during follow-up based on the total score (using a cutoff level of 8 points) was higher in men with ED at entry than in those with normal erectile function ( Table 1 ). In age-adjusted analysis, a dose-response relation was found between ED at baseline and LUTS incidence during follow-up; risk increasing with ED severity. After adjustment for potential confounders, the incidence rate ratio (RR) of LUTS was still higher in men with ED compared with those free of the disease. However, the RR reached statistical significance only for minimal ED.
The incidence of LUTS during follow-up based on the symptom score (with cutoff 4) increased with the severity of ED. Compared with men free of ED at entry; the RR of urinary symptom controlled for potential confounders was significantly higher in men with moderate (RR 1.5, 95% confidence interval (CI) 1.0-2.3) or severe ED (RR 2.3, 95% CI 1.4-3.8), but not in those with minimal ED (RR 1.1, 95% CI 0.8-1.5).
A dose-response relation was found between ED at baseline and the incidence of lower urinary tract bother (cutoff 4) during follow-up. The incidence of urinary bother increased with the severity of ED. The increase was steeper than that for the symptom score. After adjustment for potential confounders, the RR of urinary bother was higher in men with mild (RR 1.6, 95% CI 1.1-2.4), moderate (RR 1.9, 95% CI 1.1-3.2) or severe (RR 2.2, 95% CI 1.1-4.3) ED relative to those with normal erectile function at baseline.
Discussion
We found increased incidence of LUTS and their bother among men with ED. Our follow-up design allowed us to first assess ED and subsequently record the incidence of LUTS. This approach allowed us to assess not only an association between these two conditions, but also the direction of causality. Our findings are consistent with the hypothesis that ED is a cause of LUTS but cannot exclude the possibility that both LUTS and ED have a common pathophysiology or etiology. The results were independent of other diseases and doseresponse relationships (the risk of both symptoms and their bother being greater with more severe ED at entry) were demonstrated, supporting causality.
Several common pathophysiological mechanisms for ED and LUTS have been suggested, including involvement of autonomic hyperactivity, alterations in Rho/Rho kinase pathway, endothelial dysfunction and atherosclerosis. 8, 9 The details of the process leading to manifestation of the symptoms remain, however, unclear. In our study, the relationship between baseline ED and the development of ED influences the subsequent incidence of LUTS and bother R Shiri et al LUTS during follow-up was not explained by the presence of other diseases, as the main findings were not strongly affected by adjustment for co-morbidity. Endothelial dysfunction, an early marker of atherosclerosis, 11 and diffuse atherosclerosis of pelvic vessels may increase the risk of both ED and LUTS through insufficient blood supply. Endothelium generates a number of autacoids that regulate vascular tone and homeostasis. Nitric oxide is frequently described as the primary endotheliumderived autacoid with anti-atherosclerotic effect. 12 There is compelling evidence demonstrating that a reduction of endothelial nitric oxide bioavailability increases vascular oxidative stress and promotes the atherosclerotic process. 13 The activity of nitric oxide is reduced in the prostate of patients with benign prostatic hyperplasia and in the penile smooth muscle of men with ED. 8 LUTS and ED share the same vascular risk factors with coronary arteries disease. A reduced activity of nitric oxide may link endothelial dysfunction or atherosclerosis to ED and LUTS, emphasizing the role of vascular damage in the pathogenesis of these conditions. Therefore, the causes of cardiovascular disease may also represent the shared etiology of LUTS and ED.
Association between LUTS and ED may also have psychosocial causes. Our findings suggest that ED affects both severity and bother of LUTS. In addition, earlier we showed that the risk of ED is greater in men with bothersome LUTS than in those free of bother. 6 It is also possible that men with genitourinary complaints are more concerned about their symptoms, which may affect their perception and reporting.
In our previous study, 6 we showed that the incidence of ED was higher in men with LUTS than in those without LUTS at begining of follow-up. This finding is consistent with another follow-up study on the association between benign prostatic hyperplasia and the incidence of ED. 7 The strength of the association was similar to that observed from ED to the increased incidence of LUTS in the present study. Therefore, the relation between LUTS and ED seems bi-directional. Men with LUTS and those with LUTS bother have a higher incidence of ED than those without symptoms or bother. On the other hand, ED is independently associated with an increased incidence of LUTS and bother. This bidirectional relationship of similar strength is consistent with the hypothesis that the relationship is not a causal one but it represents a common underlying pathophysiology or shared etiology. Abbreviations: CI, confidence interval; DAN-PSS, Danish Prostatic Symptom Score; ED, erectile dysfunction; LUTS, lower urinary tract symptoms; RR, rate ratio.
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